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摘 要 
研究背景及意义： 
子宫内膜异位症（Endometriosis，EM），简称内异症，为育龄期妇女的常见
病，是指具有活性的子宫内膜种植于宫腔以外部位后形成的异位病灶，导致患者
出现慢性盆腔痛、不孕及痛经等临床症状。内异症是种雌激素依赖性疾病，大量
研究证据表明，内异症患者异位病灶中雌激素受体 β（ERβ）的表达明显高于正
常子宫内膜组织[1, 2]。ERβ 是重要的转录因子，可通过启动基因转录发挥生物学
效应，而在转录的过程中，磷酸化扮演了重要的角色。位于 ERβ 结构上转录激
活区-1（AF-1）中丝氨酸 S105 位点的磷酸化可通过调控 ERβ 的转录活性抑制细
胞的迁移及侵袭能力，但其调控机理和相关的信号通路尚不明确。探讨 S105 位
点磷酸化的分子机理对揭示 ERβ 调控内异症的发病机制，寻找潜在的内异症治
疗靶点有着重大的意义。 
目的： 
本论文以 ERβ 磷酸化为研究对象，探索 ERβ S105 磷酸化水平在内异症中的
改变。通过构建 ERβ S105 磷酸化位点突变型细胞，研究该位点对 ERβ 转录活性
及细胞生物学行为的影响。检测在促炎因子白介素（IL-1β）及抑炎因子脂氧素
A4 (lipoxin A4，LXA4)处理下原代子宫内膜细胞中ERβ S105磷酸化程度的变化，
探索 LXA4抑制内异症的机制是否通过调节 ERβ S105 位点的磷酸化。 
方法： 
收集子宫内膜异位症患者（研究组）及输卵管性不孕患者的内膜组织（对照
组），通过蛋白免疫印迹（Western blot）以及免疫组化（IHC）等实验方法探索
ERβ p-S105 蛋白在子宫内膜异位症患者的异位内膜、在位内膜及对照组子宫内
膜的分布，结合临床数据综合分析 ERβ S105 磷酸化的临床意义。构建并且鉴定
ERβ S105 位点突变体 ERβ-S105A（失活型）及 ERβ-S105E（持续激活型）。通
过 MTS，细胞划痕及 Transwell 等实验研究 ERβ S105 磷酸化对细胞生物学行为
的影响以及通过荧光素酶报告基因探索 LXA4、SB203580 与 ERβ p-S105 之间的相
互作用。分离并培养内异症患者子宫内膜在位腺上皮细胞(以下简称为 EECs)，
予以白介素（IL-1β）、脂氧素（LXA4）及 MAPK 抑制剂（SB203580、 PD98059、
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SP600125）个别处理或共同刺激，以 Western blot 法检测细胞中 ERβ p-S105 程度
的变化，明确 LXA4是否通过 p38 信号通路调控 ERβ S105 磷酸化水平。 
结果： 
ERβ S105 位点的磷酸化程度在内异症患者的异位内膜、在位内膜以及对照
组中存在差异，对照组中磷酸化程度明显低于内异症组，且差异具有统计学意义 
(*p＜0.01)。ERβ S105 位点磷酸化程度与年龄，不孕、血清中 CA125、CA199
值无显著差异，但与内异症 r-AFS 分期呈负相关性。我们构建了 ERβ S105 野生
型（WT）、ERβ S105 位点突变体 ERβ-S105A（失活型）及 ERβ-S105E（持续激
活型）并以此为细胞模型，研究发现在 ERβ S105 位点持续磷酸化的状态下，ERβ
的转录活性显著升高，导致细胞的增殖及迁移能力被抑制。而在 ERβ-S105 位点
磷酸化失活后，细胞的侵袭及迁移能力明显增强，同时促进了上皮-间质转化现
象。在子宫内膜细胞中，IL-1β 可以显著性上调 ERβ p-S105 及 p-p38 MAPK 蛋白
水平，且上升呈现时间及浓度梯度依赖性，而在 LXA4 预处理后可以明显抑制
IL-1β 诱导 ERβ p-S105 及 p-p38 MAPK 的效应。同时 p38 MAPK 抑制剂可明显阻
断 IL-1β 诱导 ERβ p-S105 的作用。 
结论： 
ERβ S105 的磷酸化程度在内异症患者中明显增高，且与内异症轻重程度呈
负相关趋势， ERβ S105 去磷酸化后细胞的迁移及侵袭能力明显提高，提示 S105
的磷酸化对内异症的进程有保护作用。LXA4 可通过 p38 信号通路调节 ERβ 转
录激活区-1 上 S105 位点的磷酸化水平抑制子宫内膜异位症的发展。 
 
关键词：子宫内膜异位症；雌激素受体磷酸化；脂氧素；p38 信号通路  
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ABSTRACT 
As one of the chronic gynecological disease, endometriosis (EMs) 
remains a global threat to the reproductive-aged women. It is characterized by the 
presence of endometrium-like tissue outside of the normal location--mainly on ovaries 
or pelvic peritoneum, commonly associated with chronic pelvic pain, infertility, 
dysmenorrhea and may lead to increased risk of ovarian cancer. There is much 
controversy surrounding the underdiagnosis of Endometriosis due to its non-specific 
symptoms.  Disruption of hormonal balance has been implicated in endometriosis 
manifested as estrogen-dependent disease. Estradiol-17 beta (E2) is demonstrated to 
trigger nuclear signaling primarily via two estrogen receptors isoform (ERα and ERβ). 
Our previous research has shown that ERβ was significantly over-expressed in 
endometriosis tissues and it is a repressor of ERα transcriptional activity, which may 
prevent E2 from exerting its biologic function through ERα. Phosphorylation is the 
most common PTMs process to the activation of ER, phosphorylation of ERβ at S105 
inhibited breast cancer cell invasion and migration in vitro. However, no studies to 
date have detected the presence of phosphorylated ERβ in endometriosis. Therefore, 
identifying the functional phosphorylation sites of ERβ in endometriosis is 
imperative. 
Objective: In this paper, we try to embark on phosphorylation of ERβ p-S105 and 
explore the different level of ERβ p-S105 in endometriosis. The effect of ERβ p-S105 
on endometriosis was then investigated. Finally, in vitro studies with human 
endometriotic cells was performed to underline the roles of the phosphorylation of 
estrogen receptor beta serine 105. 
Method: Endometriosis tissues and normal endometrium was collected from 
endometriosis patients and endometriosis-free patients. Western blot and IHC were 
used to demonstrate the expressions of ERβ p-S105 in ectopic endometrial tissues, 
eutopic endometrial tissues and normal endometrial tissues. Site-directed mutagenesis 
was used to prepare a phosphor-defective mutant S105A (ERβ-S105A) and a 
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phospho-mimetic mutant S105E (ERβ-S105E). Primary eutopic endometrium 
glandular epithelial cells from endometriosis patients (eutopic EECs) were treated 
with IL-1β, or pre-incubated with LXA4 before treat with IL-1β. The MAPK inhibitor 
(SB203580, PD98059, SP600125) were used to study MAPK pathway involvement in 
phosphorylation of ERβ S105 and anti-EMT effect on eutopic EECs.  
Result(s): Higher levels of phosphorylation of ERβ S105 was detected in 
endometriotic tissues. Phospho-defective ERβ-S105A influences cell proliferation, 
migration, invasion and regulated EMT progress in endometriosis and ERβ-S105E 
was found to exhibit higher transactivation activity than ERβ. In vitro, LXA4 
decreased IL-1β-induced phosphorylation of ERβ S105 and p38 MAPK of eutopic 
EECs and pS105-ERβ as targets of p38 and JNK kinases. 
Conclusion(s): Phosphorylation of human estrogen receptor-beta at serine 105 
suppresse cell migration, cell invasion and cell growth by regulated the transactivation 
activity of ERβ. 
Key word(s): Endometriosis; phosphorylation of human estrogen receptor-beta; 
LXA4; p38 MAPK 
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